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GAS CHROMATOGRAPHIC ANALYSIS OF THE WAXES OF HUMAN SCALP
SKIN SURFACE FAT*
NICHOLAS NICOLAIDES, Pn.D.t
The lipid that can be extracted from the
surface of human skin with fat solvents is a very
complex mixture. Many types of fatty acids
have been reported to occur. They vary as to
(a) carbon chain length, odd as well as even
members occurring, (b) degree of unsaturation
and (e) degree of branching (1, 2, 3). Also present
are a complex variety of long chain primary
alcohols (to be here termed wax alcohols) having
many of the same types of chains as occur in the
acids (3, 4, 5). Each alcohol is esterified to a
fatty acid thus forming a group of wax esters or,
as we shall term them waxes. They constitute
about 16% of the fat (6).
When the waxes in human scalp surface fat
were first isolated (6), the group of acids released
from them after saponification were significantly
more unsaturated than were those present in
the surface fat either in the free state or as
glycerides. Although a crude molecular weight
measurement was made for the mixture (562
34), no evidence was found for the carbon
chain length of individual waxes, nor was any
information obtained as to what particular
fatty acid was combined with what particular
wax alcohol.
Recently, a gas chromatographic technic was
developed which could throw some light on these
problems (7). It was observed that when silicone
rubber gum was the liquid phase and was present
in low proportions compared to the inert sup-
port, the substances analyzed showed unusually
fast retention times. Thus, at not inordinately
high temperatures (240 to 280° C.), it was
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possible to analyze for substances in the molecu-
lar weight range of the waxes. This paper gives
some preliminary findings when this technic was
applied to the analysis of the waxes of human
scalp surface fat.
EXPERIMENTAL
Two samples were analyzed. Sample I, an ali-
quot of the waxes referred to above (6), was sealed
under vacuum and stored at room temperature
until analyzed by gas chromatography. It was
prepared from human scalp surface fat obtained
by a scalp soaking technic (6). After removing the
free fatty acids from this fat with dilute base, the
remaining neutral fat was chromatographed on
silicic acid (liquid elution chromatography),
whereupon a fraction containing the waxes plus
sterol esters was obtained. This mixture was then
subjected to the urea adduct separation, a tech-
nique which separates straight chain material
(and to some extent mono methyl branched chain
material) from other substances more highly
branched, such as sterol esters, in this ease.
Sample II was also prepared from human scalp
surface fat obtained by the scalp soaking technic.
Without prior removal of the free acids, the whole
fat was chromatographed directly on silicie acid
in a manner to be described elsewhere, and again
a mixture of the waxes plus the sterol esters was
obtained as a separate fraction. This mixture was
used directly for gas ehromatographic studies
without prior separation of the urea adducting
from the non urea adducting material. Since
Sample I had only a trace of sterol esters while
Sample II had 20%, and since both gave similar
gas chromatrographic patterns, it appears that
sterol esters do not interfere significantly with
the analysis of the waxes, at least over the mo-
lecular weight range studied here (to C,5). Any
sterol esters of low molecular weight, if present
in Sample II, would undoubtedly occur in small
amounts and would not alter the gas ehromato-
graphic pattern appreciably. Their presence in
the wax fractions, however, should be further
checked.
Synthetic straight chain saturated esters, to
serve as gas chromatographic standards, were
prepared by esterifying decyl, dodecyl, tetra-
decyl and hexadecyl alcohols with palmitie acid
and ehromatographing each ester on alumina to
remove any of the unesterified components. The
FIG. 1. Gas chromatograph of the waxes from human skin surface fat. Conditions: Barber
Coleman instrument, Model 10, detector was of argon ionization type, radium the ionizing source;3' glass column, 6 mm. id.; 0.3/100 parts wt./wt. silicone rubber, General Electric Co. SE-30, to
siliconized chromosorb 60—80 mesh; col. 247°, flash heater 297°; flow rate 32.5 ml./min. See text for
interpretation.
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purity of each standard ester was proved by the
fact that its gas chromatograph showed only one
peak.
The gas chromatographic analysis was done
under two sets of conditions. Sample I was ana-
lyzed on a Loe Model 15 gas chromatrographic
instrument at 278°C. using a 5' stainless steel
column, jj" o.d., containing 5 parts by weight of
silicone rubber (Union Carbide K-10145) per 100
parts of flrebrick 42-60 mesh (Wilkin's Instrument
Co.). The detector was a thermo conductivity
cell and helium at flow rates of about 75 ml./min.
was the carrier gas. Sample II was analyzed on a
Barber Coleman gas chromatographic instrument
under the conditions given in Figure 1. Both
samples, dissolved in cyclohexane, were injected
into the instrument with a Hamilton micro
syringe.
EESULTS AND DISCUSSION
Figure 1 is a photograph of a typical gas
chromatograph of the waxes from human scalp
surface fat. In Figure 2 is given a plot of the log
of the retention time of the peaks from a gas
chromatograph of these waxes versus an assigned
carbon content. These assignments can be made
by comparing the retention times of the un-
known peaks with those of the standard satu-
rated esters, also plotted in Figure 2. The fact
Fis. 2. Log retention time vs. carbon content
of wax ester. Data taken from gas chromatograph
run under nearly identical conditions to those
given in Figure 1. See text for interpretation.
that both plots give straight lines indicates that
we are dealing with an homologous series in
both eases.
These data show that the skin waxes range in
carbon content from C78 to at least C38 with
chains of an odd as well as an evennumber of C
atoms being present. Under the conditions of
gas chromatograpbic analysis employed here,
any peak emerging after C38 would have been
too flat for proper identification, thus there may
be waxes of carbon content greater than C38
present in human skin surface fat which could
not be detected. At the lower end, several peaks
were found below C78. These did not fall on the
log plot, and therefore, are not considered to be
part of this homologous series. The identity of
these peaks as well as the possibility of the
presence of waxes above C38 and below C38 is
under further investigation.
The fact that the two lines of Figure 2 do not
coincide indicates that there are one or more
additional structural features present in each of
the skin waxes to lower its retention time relative
to that of the corresponding straight chain
saturated ester of equivalent Carbon content.
Since the stationary liquid phase used in these
gas chromatographic experiments was silicone
rubber, a non polar liquid phase, two structural
features that could serve in this capacity are
cis-unsaturation and methyl branching. Both
are possibilities for the skin waxes. Inasmuch as
the iodine value for the acids derived from the
waxes was 83 compared to 37 for the alcohols
(6), the unsaturation must reside mainly in the
acid moiety of the wax.1 Methyl branched acids
and alcohols have been reported to occur in
skin surface fat, and presumably could be present
in the waxes. If so, it is unlikely that more than
one methyl branch could be present in most of
the wax molecules, otherwise they would not
have adducted with urea. However, about 10%
of the waxes did not adduct with urea, and some
of these molecules could very well have had
more than one methyl branch.
A closer inspection of the peaks of the gas
chromatograph of the skin waxes reveals inflec-
tion points on both sides of the maxima. This
indicates that each peak is complex, perhaps
I Comparison of these iodine values with those
of other components of scalp surface fat is instruc-
tive: 44 for free acids (- 30% of the fat); 45 for
triglycerides ('—' 25% of fat); 53 for mono- + di-
glyce rides ('-- 10% of fat); see ref. 6.
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reflecting a difference in the degree of unsatura-
tion with or without methyl branching.
It is interesting to speculate as to what combi-
nation of alcohol and acid go to make up a wax.
For example, are the most abundant waxes
(C36 chain length) made up of the most abundant
acids (C chain length) esterified to the most
abundant alcohols (C20 chain length); or, are
there present other combinations of chain
lengths of acid plus alcohol to make up a total
of 36 carbon atoms?
These speculations point up the general
problem of whether or not the waxes are made
up of randomly esterified alcohols and acids, or
whether this is a partial]y or highly selective
process. That a function might be served in
having certain acids combined with certain
alcohols may be inferred from tbe hitherto
unreported fact that the urea adducting waxes,
as a mixture, melted at body temperature. For
tbe general well being of the skin it appears to
be necessary for the waxes to be as oils on the
skin surface, possibly to become emulsified
with other components of the skin surface and
spread more evenly. On the other hand, straight
chain saturated esters of similar chain lengths
melt about 20° higher than body temperature.
Lowering the melting point down to the desired
level could be accomplished by introducing cis
unsaturation into the ester chain. A method of
achieving this goal would be to have the alcohols,
which are comparatively saturated, esterified to
unsaturated acids. This is actually the case as
was already discussed.
5UMMAEY
1) The wax esters of human scalp skin surface
fat have been isolated by silicic acid chroma-
tography and urea adduct formation, then
analyzed by gas chromatography.
2) Present are esters ranging from C28 through
C38 with chain lengths of an odd as well as an
even number of carbon atoms occurring.
3) The esters of each carbon chain length are
complex.
4) These esters are present on the skin surface
as oils.
ADDENDUM
After this paper had been presented at the
meeting of the Society for Investigative Derma-
tology, the author had the privilege of conferring
with Dr. E. C. Homing of the National Institutes
of Health who stated that he in collaboration
with Dr. E. 0. A. Haahti also analyzed the
waxes of human forearm surface fat and found a
homologous series extending from C25 to C40 and
that the waxes of a given chain length are
complex.
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DISCUSSION
Dn. JOSEPH McGUIEE (New Haven, Conn.):
This was a very interesting paper, and I was
surprised to see how clean your chromatograms
looked.
When you run your standards, do you ever
see any odd length waxes as decomposition
products? In other words, do you think any of
the odd chain lengths you find are decomposition
products?
DE. STEPHEN ROTHMAN (Chicago, Ill.): Is
the location of the ester-linkage irrelevant for
the site and shape of the chromatogram? In
other words, will a C15 acid with eight alcohol
carbons give the same chromatogram as a C16
alcohol with eight acid carbon atoms?
DR. VIcToR H. WIIEATLEY (Palo Alto, Calif.):
This is an excellent paper. I have been familiar
with Dr. Nicolaides' work for many years.
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There are one or two questions I would like
to ask:
First of all, regarding the stationary phase in
the chromatography, is that the silicon-SE-30?
Secondly I think this is a very much simplified
picture. We know, for instance, from other
evidence that there are at least ten homologous
series of the fatty acids alone; there are probably
an equal number of series of the wax alcohols.
The resulting esters must therefore be very
complex indeed. The peaks, which Dr. Nicolaides
demonstrates, may consist of as many as twenty
members. For this reason the overall efficiency
of the chromatography does not appear to be
as good as it really is.
DR. NICHOLAS NIcOLAIDES (in closing): First of
all, I would like to thank the discussors.
With regards to the first question, as far as
decomposition is concerned, I have run the
pure standard compounds and I have always
gotten single peaks for each compound which
leads me to believe that there is no appreciable
decomposition occurring under these conditions.
With regards to Dr. Rothman's question, I
should like to say that by means of this technic
we are not able to determine where the position
of the ester group is for a given carbon chain
length. In other words, for the particnlar ex-
amples he chose, a wax made up of a Cs alcohol
esterified to a C15 acid together with one made
up of a C15 alcohol esterified to a C8 acid would
appear as one peak under the conditions of onr
experiment. What we were able to do was to
establish what the chain lengths of the waxes
really are; and this is the first time, to my
knowledge, that any such information has been
given for any wax. This has been made possible
by a new technic which we have found inde-
pendently along with others, namely, Dr. B. C.
Horning and his group at Bethesda, Md. We
also found that silicone mbber is an excellent
liquid phase to use at low concentrations and
high temperatures for higher molecular weight
lipid separation, for instance, the waxes (7).
Now, with regards to Dr. Wheatley's comment,
I am sure that his statements are correct. As I
stated in my talk, these peaks are very complex.
Just how complex, I do not know yet. We are
at present studying this problem in greater
detail by collecting peaks as they emerge from
the gas chromatogram and saponifying each
individually. In this manner we will determine
what particular fatty acids are combined with
what alcohols.
